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Abstract

Keeping in view the suggestion [7] that the cut-off procedure involves a good deal of
uncertainityin thepredictionofE.D.M.ofW–boson,wehavere-examined theearlier
calculation by Marciano and Queijeiro [2] by replacing the Cut-off r egularization
process by BPHZ regularization [8]. This works in a clean and unambi guous manner
without involving any approximation. We also examine apparently inapplicabl e
approximationslikeusing ff mm ′= in[2].Theboundson Wλ and Wd aresignificantly
changed inallcasesascomparedwiththosereportedin[2].Thenece ssarycautionthat
istobeexercisedwhileusingapproximationsisexplicitlypointedout.
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I.INTRODUCTION

In the past few years, there have been some efforts to evaluateE lectricDipole
Moment(EDM)ofW-boson[1-3].In1986,MarcianoandQueijeiro[2]obtained limit
on Wλ and Wd ofW-bosonupdatinganearliersuggestionbySalzmanandSalzman[1] .
They made use of the concept of induced fermion electric dipole moment, which is
inducedinthepresenceofW-bosonorvice-versa.Inordertoovercomethe ultraviolet
divergence,theymadeuseofthecut-offprocedure,firstusedbyPaull i-Villars[4].This
workhasbeenextensivelybeenusedbythelaterauthorsinthisfieldi ntheircalculations
[3,5,6].As rightly pointed out byBarr andMarciano [7], the bounds derived from  the
cut-off dependent loop effects can sometimes bemisleading.Unforesee n cancellations
couldreducethevalueofEDMestimateparticularlyifthescal eofnewphysicsdefined
throughthecut-offdependentparameter Λ  isequalto Wm .Apartfromthis,theauthors
of ref. [2]made use of some approximations,whichmight have eventually  influenced
theoutcome.Inparticular,theassumptionmaking ff mm ′= ,isnotphysicallycorrect.In
ordertocheckwhethertheobservationmadein[7]plustheapproximations usedin[2]
have some impact on the results we have re-performed this calculat ion. In order to
overcome theuncertainty in theuseof cut-offprocedure,wemakeuseof  theversatile
BPHZregularization[8]procedurewithoutmakinganyapproximationwhat soever.The
calculation for µD , Wλ  and Wd go on very smoothly till the end.However, the limits
obtainedon Wλ and Wd aredrasticallydifferentfromthosegiveninref.[2].
 Next to check the effects of the approximation made in [2], we have  re-
performed complete calculation for µD , Wλ  and Wd usingPauli-Villars cut-offmethod
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[4]withoutmakinganyapproximation.Hereagainthelimitsobtainedon Wλ and Wd are
significantly changed as compared with those reported in ref. [2]. T hus this outcome
apart from substantiating the observationmade by Barr andMarciano [ 7], also points
towardsbeingcarefulaboutmakingapproximationswhilecarryingout r enormalization
program.Thisaspectwillbefurtherelucidatedbelow.

II.CALCULATIONSUSINGBPHZREGULARIZATIONPROCEDURE
Beginningwith theCP-violatingamplitude reported in ref. [2], namel y,Eq. (5)of
[2] corresponding to fig. (1), we notice that the integral is logari thmically divergent.
Therefore BPHZ regularization scheme [8] can be justifiably appl ied [9]. Using this
scheme and after a lengthy and tedious algebra we obtain for the CP - violating
amplitude,theexpression:
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InarrivingatEq.(1),thefollowingidentitiesha vealsobeenused:
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Itmaybe emphasized thatwehaveused ff mm ′≠  and 0', ≠RR in this calculation.We
notice that the factor 





+
Λ )1(ln 2
2
O
mW
of ref. [2] Eq. (8) is replaced by χ  in our
formulation.Wehaveevaluated χ andboundson Wλ and Wd byusingtheexperimental
bounds[10]on ed , µd , τd  and nd .TheresultsareshowninTable1.Forcomparison
wehaveshownthecorrespondingvaluesarisingfrom thecalculationsofref.[2],Eq.(9)
inTable2wheretheaforesaidapproximationshave beenused.

III.CALCULATIONSUSINGCUT-OFFPROCEDURE( ff mm ′≠ , 0, ≠′RR )

Again beginning with the Eq. (5) of ref. [2] we obt ained after a very lengthy
algebraicmanipulationthefollowingformofexpres sionfor µD :
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ItmaybepointedoutthatthefollowingFeynmanpa rameterizationandintegrationshave
beenusedintheaforesaidcalculation:
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where 1x , 2x …… 4x aretheFeynmanparametersand
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Nowifweintroducetheapproximation ff mm ′= butnot 0', =RR  inEq.(5),theabove
expressionreducesto
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We notice that the approximations 0', →RR cannot be used in Eq. (5) and Eq. (8)
becausebothexpressionsdiverge.
 The authors of ref. [2] could use these approximat ions as they have done so
beforeperformingFeynmanparametric integrations, whereasweare trying touse these
after performing the integration over parametric sp ace. To our knowledge, the use of
approximationsbeforedoing integration inparametr ic spaceas isdone in ref. [2]need
somecautionaselucidatedbelow[11]:
 The justificationof theapproximations 0', =RR  used in ref. [2], lies in thefact
thatthesearenegligibleascomparedwiththeCut- offparameter Λ undertheassumption
2
Wm>>>Λ  or ∞→Λ .Anapplicationof thisapproximation in thedenom inatorofour
Eq.(6)allowsonlytheterm 2
2
42 )(
Wm
xx
Λ
− tosurvive.Thistermonbeingintegratedover
2x  and 4x  diverges when ∞→Λ . As such the use of this approximation before
integrationoverparametricspaceisnotjustified [11]asisdoneinref.[2].Ontheother
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handthereisabsolutelynojustificationtouseth eapproximation ff mm ′= anywherein
thecalculation.Assuchnoapproximationofthety peusedin[2]isjustifiablyappliedin
theCut-offprocedurecalculation.
  As the expression (4,5) is not a cozy, as Eq. (8)  of [2],we can extract
information about Wλ  and Wd from it by plotting Wd  against Λ  as shown in Fig. (2)
usingexperimentallimitson fd ( f=e,µ,τ andn )from[10].WenoticefromFig.(2)that
atabout Λ =3TeV ,thevaluesofvarious Wd arerelativelystabilized.Thesearegivenin
Table3.Thecorrespondingvariationof Wd against Λ,usingEq.(9)of[2],areshownin
Fig. (3).Forcompleteness,wealsoshowthevariat ionsof Wd  against Λ  corresponding
toourEq.(4,8)inFig.(4).Thevaluesof Wd correspondingto Λ =3TeV usingFig.(3)
and(4)areshowninTable3and4respectively.
 Asacorollary,wetakethelimiton Wd correspondingtomoststringentlimiton
neutron EDM ( nd ) as obtained in our BPHZ regularization procedure as a reference
valueandobtaintherefromthelimitson ed , µd and τd .ThesearegiveninTable5.For
another similar exercise,we take ecmdW
3010−≅  and re-calculate ed , µd  and τd  and
nd .Wehavepreferredthisvaluesinceidenticalvalu eoccursinthecalculationbyBooth
[5]i.e. ecmdW 30108 −×≅ ,whomakeuseofQCDradiativecorrectionforits evaluation
as also in our calculations, namely, ecmdW
3010228.4 −×≤  corresponding the ed  limit
(exp.)usingBPHZmethod(Table1).Theresultsare showninTable6Thesevaluesare
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very close to the correspondingexperimental limits .Thismay leadus to conclude that
limitson Wd maylieinthevicinityof ecm3010− ,ifthesemethodsaretobebelieved.

IV.CONCLUSION
In the absence of any experimental limit on Wd  it is not possible tomake any
definite statement about the outcome of the aforesa id calculations and limits. In reality
thisisnottheobjectiveofthisnote–wehaveat temptedsomeclarificationabouttheuse
ofCut-offprocedureandinapplicableapproximatio nsinthecalculationsofref.[2].An
unambiguous statement about theuseofBPHZ regular izationprocedure isobvious.On
theotherhand,usesofapproximations,however,ob viousneedcautionbeforeuseasthey
sometimesmayleadtoaltogetherwrongconclusions.
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Table1: TheoreticalBoundson Wλ and Wd usingBPHZregularizationprocedure
with ff mm ′≠ .
fd  Experimentallimits
on fd ( ecm)
Squarebracketterm χ  Wλ  Wd (ecm)
ed  27108.1 −×≤  1010953.4 ×=  1410447.3 −×  3010228.4 −×≤
µd  19107.3 −×≤  615910.1=  110464.1 −×  1710796.1 −×≤
τd  16101.3 −×≤  310096.4 ×=  110065.2 ×  1510563.2 −×≤
nd  26103.6 −×≤
(Barequarks)
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Table2: TheoreticalBoundson Wλ and Wd usingtheexpression(4)&(5)for Λ =3
TeV.
fd  Experimentallimitson fd ( ecm) Wλ  Wd (ecm)
ed  27108.1 −×≤  3210517.7 −×≤  4810222.9 −×≤
µd  19107.3 −×≤  1610280.2 −×≤  3210797.2 −×≤
τd  16101.3 −×≤  910241.1 −×≤  2510522.1 −×≤
nd  26103.6 −×≤  2010825.5 −×≤  3610147.7 −×≤
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Table3:  TheoreticalBoundson Wλ and Wd usingtheexpression(9)ofref.[2].
fd  Experimentallimitson fd ( ecm) Wλ  Wd (ecm)
ed  27108.1 −×≤  410198.1 ×≤  1910470.1 −×≤
µd  19107.3 −×≤  310191.1 ×≤  1310461.1 −×≤
τd  16101.3 −×≤  410933.5 ×≤  1210279.7 −×≤
nd  26103.6 −×≤  710052.2 −×≤  2310518.2 −×≤

Table4: TheoreticalBoundson Wλ and Wd usingtheexpression(4)&(8)for Λ =3
TeV
fd  Experimentallimitson fd ( ecm) Wλ  Wd (ecm)
ed  27108.1 −×≤  3110385.1 −×≤  4710700.1 −×≤
µd  19107.3 −×≤  1610828.3 −×≤  3210697.4 −×≤
τd  16101.3 −×≤  910106.2 −×≤  2510584.2 −×≤
nd  26103.6 −×≤  2010827.5 −×≤  3610148.7 −×≤

Table5:  TheoreticalEDMLimitson τµ ddd e ,, using ecmdW 2710172.2 −×≅ .
fd
Theor.Boundson fd (ecm)
usingEq.(9)ofref.[2]
Theor.Boundson fd
(ecm)usingEq.(1)
Exp.limitson fd
(ecm)
ed 
3510865.1 −×≤

2510236.9 −×≤

27108.1 −×≤
µd
3310855.3 −×≤  3110468.4 −×≤

19107.3 −×≤
τd
3210484.6 −×≤  3510656.2 −×≤

16101.3 −×≤
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Table6:  TheoreticalEDMLimitson ne dddd ,,, τµ using ecmdW 3010−≅ .
fd
Theor.Boundson fd (ecm)
usingEq.(9)ofref.[2]
Theor.Boundson fd
(ecm)usingEq.(1)
Exp.limitson
fd ( ecm)
ed 
3910585.8 −×≤

2810252.4 −×≤

27108.1 −×≤
µd
3610533.2 −×≤  3010299.2 −×≤

19107.3 −×≤
τd
3510259.4 −×≤  3110224.7 −×≤

16101.3 −×≤
)( quarksbarend  3210251.2 −×≤  2910722.5 −×≤  26103.6 −×≤
)( quarkstsconstituennd  3610263.5 −×≤  2810270.8 −×≤

26103.6 −×≤
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Fig.1: Diagramforthefermioninducedelectricdipolem omentofW-boson.
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Fig.2:  Graphbetween Wd and Λ usingourexpression(4)&(5).
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Fig.  3:Graphbetween Wd and Λ usingexpression(9)ofref.[2].
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Fig.  4: Graphbetween Wd and Λ usingourexpression(4)&(8).

   
